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Chiral EFT for nuclear forces using the

Gradient Flow Method

based on work done in collaboration with Hermann Krebs, e-Print: 2311.10893; 2312.13932

e The problem
e Solution: Chiral gradient [3ow + Path integral approach

e Summary and outlook
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The SMS-regularized chiral NN interactions Rreiner, krebs, EE, EPIA 54 (2018) 86; PRL 126 (2021) 092501
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Where are calculations beyond RLO?



e'problem

Use DimReg (or equivalent) to derive 3NFs fronfo e, together with Cuto! Regularization in the
Schrsdinger equation. What about chiral symmetry?

Faddeev equation for 3N scattering:
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absorbable into cp: X| violates chiral symmetry

( mixing DimReg with Cutoff regularization breaks chiral symmetry &g, krebs, Reinert 619

( 3NF, 4NF & MECs beyond NLO have to be re-derived using Cutoff Reg. (2NF ok at Pxédul,



Symmetry-preserving regularization

Hermann Krebs, EE, e-Print: 2312.13932

Want to regularize %, , %, in such a way that:

N the chiral and gauge symmetries are preserved,
N the regularized OPE potential has the SMS (Gaussian) cutoff,

N nuclear forces & currents are bnite (DR still neededE) and regularized



Effective Lagrangian for pions and nucleons

L #_ |
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First attempt: Higher-derivative regularization of %F Slavnov 671
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Gradient [3ows: methods for smoothing manifolds . ? ! i
(e.g., Ricci Bow used in the proof of the PoincarZ conjecture) ’ & ’ '
) O €
Gradient Bow as a regulator in beld theory Bow time N
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YM gradient [30Wnarayanan, Neuberger 306, L¥scher, Weisz 911 %A“(X, &) = D(y(G%l(X, & - eXtenSively used in LQCE

Chiral gradient [30Wkrebs, EE, 2312.13932

Gradient flow for chiral interactions
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D me WIJ + §$‘ (| ) | Z-|—|, $‘ (I ) unpublished work by DBK
—_— But sometimes momentum cutoff regulators are preferred:
H n . —_ g n — ¥ Better behavior for nonperturbative, computational applications
GenerallzeU(X) tOW (X, ) . I | W - |W EOM( ) W, W(X, O) - U(X) (eg, chiral nuclear forces)
#‘_'W: ¥ Ebut violate chiral symmetry and can lead to problems

This talk: a way to avoid the latterOs problems.
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In momentum space, this solution takes the form:
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Local beld theory in 50 Smeared (non-local) theory in 4c




unregularized
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the sum must be -independent

Unregularized expression for this 4NI[gg, EPJA 34 (2007)
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(some purely pionic loops are divergent and require e.g. DR)—»> - s S B R »



Nuclear interactions from path integral

Hermann Krebs, EE, e-Print: 2311.10893

The considered 4NFs were calculated using Feynman diagrams. But more generally,

Potential ‘ - Feynman diagram| .|
TOPT
Weinberg, van KolcK, V2N, V3N, e
; . . canonical quan. Pastore, Schiavilla, £
From Lagrangian to nuclear interactions L, y —> H IRLIEL
MUT N\
2N’ 3N, PR

EE, Glsckle, Mei§ner,
Krebs, Bernard, E

( impractical forregularized Lagrangians that involvee ' "<*M"1 (x)

( new method to derive nuclear interactions using the path integral approac



Pion-less EFT: (5 &%) (5,9 (& F)
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Scattering amplitude to 1 loop:
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Nonlocal actionS; after integrating out pion belds (Gaussiar
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To summarize;

Z[&, & = DN DND" & S™n* dx[t NN = A DN DNe Sit dx [t N+N 1]

where the many-body action is now instantaneous (up to higher-order corrections):
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the leading non-analytic contribution to m n



New formulation of nuclear chiral EFT:

N gradient Row regularized version of baryon ChPT

N path integral method to reduce QFT to QM via non-local beld redepnitions
(loop contributions emerge from the functional determinant)

(  regularized 3N, 4N forces and currents, which are consistent with the SMS NN

pOtentIa|S & I‘eSpeCt Ch|ra| and gauge SymmetrIeS Hermann Krebs, EE, in progress

Further ongoing work:

N N scattering inside the Mandelstam triangle using GF HBChPT (LECS)
N NN potential and chiral extrapolations
N

Hyper-nuclear interactions






